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Table 1 acceleration data of every stage 
state X(g) Y(g) Z(g) X-Y-Z(g) 

flying 0 0 1       1 
 lunching 0.7-0.9 -2 -2.5 2.9 

Opening parachute -1 3 4.2 5.4 
falling -0.3-0.3 -0.3-0.4 0.8-1.3 0.8-1.4 
landing -6.5 -3.9 5.8      9.5 

after landing 0 -1 0      1 
 

In table 1, we can put this process into two types: steady state and mutation status. As is shown 
in table 1, states in flying, falling and after landing are marked yellow which indicates a steady state. 
In the same way, launching，opening parachute and landing are marked red which indicates 
mutation status. Their combination and cross application make us able to determine the state of 
PDR throughout the process. 

During flying, the PDR is mounted vertical in the Air jettisoning system, so the PDR’s Z-axis is 
1g, and both the X-axis and Y-axis are 0g,namely the first criteria are 
-0.1<x<0.1-0.1<y<0.1,0.9<Z<1.1. The first peak generated in the launching state. Affected by 
spring and gravity, the Z-axis peak is negative. Meanwhile, the X-axis and Y-axis data produced by 
the collision between the robot and the wall or disturbances can’t be used as the non-characteristic 
data, so the second criteria is z<-2.4 . When the parachute is opening, we get a positive peak 
because the robot is pulled up by an upward force. Under the interference from external conditions, 
such as wind, each of the three axis of acceleration is uncertain, but the resultant acceleration can be 
determined almost. Therefore, the third criteria is X-Y-Z>5.3 .The falling state is as following. 
When the PDR reaches uniform state, the acceleration would be fluctuating between 0.8g and 1.4g. 
In order to distinguish the state after landing, the Z-axis is used as secondary criteria, so the forth 
criteria is 0.8<Z<1.3,0.8<X-Y-Z<1.4.When the PDR touch down, PDR will get the third peak 
because of the strong impact. But, just like the state of opening parachute, each of the three axis of 
acceleration is uncertain which is caused by the uncertain contact face between robot and ground. 
Therefore，the fifth criteria is Z>9.3. After landing, the robot will fall down. But if the angle of floor 
is not greater than 45 degree, the Z-axis will not be greater than 0.7g and the X-Y-Z-axis will be 1g. 
Hence, the sixth criteria is Z<0.7, 0.9<X-Y-Z<1.1. 
3.4 Releasing algorithm design. 

Based on the above criteria, it can be designed in the following flow chart. In Fig.14, we use the 
criteria 2nd to 6th mentioned above to establish the entire dumping procedure. Identify the 
threshold of acceleration to determine each process. In the recognition of the falling state, 
acceleration values satisfy the condition once it can’t represent a steady falling, so we have to 
recognize it twice. When the acceleration satisfies the pre-set process, it means that the PDR has 
landed, and then the release device would drive the motor to separate robot and parachute 
automatically, and two seconds later, stop it automatically. 
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adapt to the complex task environment very well. At the same time, the release device improves the 
design method by the two part of combination, which solves the problem of leaving part of the 
release device on robot. Meanwhile, the release device not only can be used in two-wheel robot, but 
also in six-wheel robot and so on. It has laid the foundation of the application of the release device. 
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